INTRODUCTION
As sampled fiber Bragg grating has multichannel filtering, fine structure, flexibility, good compatibility, low insertion loss and extremely good wavelength selectivity, it was attended currently [1] [2] [3] . Now it has become novel passive device for realizing optical modulation. Sampled grating mainly includes the following four kinds: rectangular sampled grating, interleaver sampled grating, Sinc sampled grating, Dammann sampled grating and the optimization of refractive index design sampled grating. J. Eggleton B. and others in 1994 produced a rectangular sampled grating. In 1999 and 2002, H Loh W and Y. PainchaudI, respectively, proposed the solution of sampled gratings with different central wavelengths in the same optical fiber segment. University of Southampton Ibsen et al. in 1998 produced 10 cm long Sinc sampled grating and its numerical simulation results are obtained. In 2003, H. Lee, et al. and Hongpu Li respectively put forward refractive index modulation strength remain unchanged in the whole grating, only on the grating region refraction rate modulation of the phase of periodic sampled of phase sampled fiber grating technology. This technique can make full use of the photosensitive property of the whole grating region. Phase sampled grating has important potential applications in large channel fiber grating filter and multichannel dispersion compensation with its high energy utilization and flat multi wavelength reflection characteristics. A.V. Buryak et al. reported in 2003 that the optimization refractive index designs sampled gratings. Due to above-mentioned characteristics, sampled fiber Bragg grating has much important application and potential in multi-wavelength laser, wavelength-division multiplexer and demultiplexer, re-configurable optical add-drop multiplexer, fiber sensor, multi-channel dispersion compensator, encoder and decoder, etc.
An optical comb filter is a component of a light signal path having a plurality of reflecting or transmitting light signals with same spacing and same performance. Because the special spectral characteristics, its optoelectronics and optical fiber communication plays an important role. Through the analysis of the sampled grating spectral properties, optical comb filter properties can be understood. It can create excellent comb filter. Sampled grating comb filter can be applied in the intensive wavelength division multiplexing (DWDM) system. With the huge market of DWDM, sampled grating comb filter will get rapid development. It has extensive application prospect in the field ABSTRACT: In order to design sampled grating comb filter, the effect of sampled fiber grating's parameters on reflective spectrum was analyzed. Sampled grating comb filter can be applied in the intensive optical communication system. Sampled grating reflective spectrum was simulated by changing the parameters. Four kinds of sampled grating optical comb filter were designed. In order to optimize the function of sampled grating comb filter, a filtering analysis and denoising method by using EMD were proposed. This method divides intrinsic mode function into two modes by EMD. One of mode was that signal components mode play dominant role, the other mode was that noise component mode plays dominant role. The mode of noise component play dominant role was removed. It can denoise reflective spectrum through restructuring signal. The smooth reflective spectrum and delay spectrum can be got after denoising. So that the peak value of sampled grating can be judged accurately.
Keywords: comb filter; empirical mode decomposition; sampled grating; reflective spectrum *Corresponding author: zhudandan1896@126.com of optical fiber communication.
The empirical mode decomposition(EMD) has been developed by N.E. Huang et al. in 1998 as an iterative method to decompose a nonlinear and nonstationary univariate function additively into multiscale components. These components, called intrinsic mode functions (IMFs), are constructed such that they are approximately orthogonal to each other with respect to the L 2 inner product. Moreover, the components allow for a definition of instantaneous frequencies through complexifying each component by means of the application of the Hilbert transform. This approach via analytic signals, however, does not guarantee that the resulting frequencies of the components are always non-negative and, thus, "physically meaningful", and that the amplitudes can be interpreted as envelopes. The Empirical mode decomposition (EMD) method is based on the decomposition of data information. The IMF numbers are often limited. It can show that real physical information of inner data, have more advantages than the Fourier series method. It has similar function with the wavelet analysis method. It has been widely used in signal processing field.
DESIGN OF COMB FILTER
Non-uniform fiber grating can be solved by the transfer matrix method, which divided non-uniform grating into multi segments uniform grating. The whole transfer matrix can be obtained through multiplicating matrix of each section uniform grating. The matrix of uniform fiber Bragg grating was shown in Equation (1) .
Where L was the length of the grating. Using the boundary conditions the reflective and transmission energy (R 0 , T 0 ) can be gotten when z = 0. The reflective and transmission energy (R L , T L ) can also be gotten when z = L. So F k can be got as shown in Equation (2):
The transfer matrix of exposure zone can be represented by Equation (2) . That of non-exposed area can be represented by Equation (3) .
k ϕ was phase change of non-exposed area. Sampled fiber Bragg grating transfer matrix can be represented by Equation (4) .
Sampled fiber Bragg grating structure distribution was shown in Figure 1 . The cycle of sampled grating was p, exposure zone length was a, and the total length of sampled grating was L. The reflective spectrum of sampled fiber Bragg grating was analyzed and simulated. The effect of sampled fiber grating's parameters on reflective spectrum was analyzed. Parameters include length, period, sampled rate, and the refractive index modulation depth. The relationship of sampled fiber Bragg grating's geometric and physical parameters and reflectivity; bandwidth and channel numbers was discussed. This can provide foundation to design sampled fiber Bragg grating comb filter.
The effect of the length on sampled fiber Bragg
grating reflective spectrum In Figure 2 , sampled grating period P=200µm, the refractive index modulation depth δn eff = 0.0005, and sampled rate R=0.5. See from Figure 2 , the sampled grating reflective spectrum changed largely with the change of sampled fiber Bragg grating length. With that change, the number Periodic reflection peak increased. Reflectivity increased, while sidelobe interference was decreased. The reflective peak interval has no change, bandwidth has no change, and the central reflective wavelength has no shift.
The effect of the period on sampled fiber Bragg
grating reflective spectrum In Figure 3 , sampled grating length L=1cm, the refractive index modulation depth δn eff = 0.0005, sampled rate R=0.5. The sampled grating reflective spectrum changed largely with the change of sampled fiber Bragg grating period. This is mainly manifested in the reflective peak interval. With the increase of sampled fiber Bragg grating period, the number Periodic reflection peak increased. Reflectivity increased. The reflective peak interval was decreased. Side lobe interference was increased. Bandwidth has no change. Periodic reflection peak's reflectivity has no Specific law changing. The central reflective wavelength has no shift.
The effect of δn eff on sampled fiber Bragg grating reflective spectrum
In Figure 4 , sampled grating length L=1cm, sampled grating period p=200µm, and sampled rate R=0. 
The effect of sampled ratio on sampled fiber
Bragg grating reflective spectrum
Bragg grating reflective spectrum when length was unchanged In Figure 5 , sampled grating length L=1cm, sampled grating period p=200µm, the refractive index modulation depth δn eff = 0.0005. It can see from Figure 5 the sampled grating reflective spectrum change largely with the change of sampled rate. The number reflective peak decreased with the increase of sampled rate. Reflectivity increased. Bandwidth obviously increased near central wavelength. Bandwidth decreased at both ends wavelength. The reflective peak interval had no change. The central reflective wavelength has no shift. Figure 5 . The effect of sampled ratio on sampled fiber Bragg grating reflective spectrum when length was unchanged.
Bragg grating reflective spectrum when length was changed In Figure 6 , the refractive index modulation depth δn eff =0.0005. It can see from Figure 6 , the number reflective peak increased with the increase of sampled rate. Reflectivity increased. Bandwidth obviously increased near central wavelength. Bandwidth decreased at both ends wavelength. Side lobe obviously increased near central wavelength. Side lobe decreased at both ends wavelength. The reflective peak interval decreased. The central reflective wavelength has no shift. Figure 6 . The effect of sampled ratio on sampled fiber Bragg grating reflective spectrum when length was changed.
Based on reflective spectrum's effect of each parameter's change acting on sampled fiber grating, comb filter can be designed through choosing various parameters. Fur comb filters can be gotten after debugging as shown in Figure 7 . In Figure 7 , refraction index modulation δn eff was 0.001. From the reflective spectrum we can see that four kinds of filter reflective peaks were uniform. Reflective peak interval was stability. Their reflectivity was close to 1. It can be used in wavelength division multiplexer and demultiplexer and OADM. 
THE APPLICATION OF EMD METHOD IN COMB FILTER DESIGN
In the designing process of comb filter, the reflective spectrum signal often contains a lot of noise. It can affect the application of comb filter. Therefore, study of comb filter de-noising was crucial. EMD de-noising selected noise from high frequency to low frequency. The lowest frequency IMF component was the original signal or average value. For the sampled grating comb filter noise, noise IMF components and effective signal IMF components were not cross. The high frequency signal can be removed directly. The effective signal can be got through stack the rest of the low frequency signal, which is the basic principle of the EMD de-noising. EMD de-noising simulation was made with comb filter. In experiment L=1cm, n eff =1.46, δn eff = 0.001, sampled cycle p was 0.2 mm, sampled length a was 0.01 mm. Sampled grating reflective spectrum and time delay spectrum including noise was shown in Figure 8 . The EMD method was based on a basic assumption that any complex signal can be decomposed into a series of IMF components. The number of each IMF's zero crossing points and the extreme points were the same. The envelope of maximum and minimum was time axis symmetry. The process of EMD decomposition of arbitrary signal x(t) was as follows. It will find the local maximum and local minimum using EMD method. The local maximum value and local minimum was interpolation separately. The upper and lower envelope was fitted. m1 was the average value. It can get x(t) -m1= h1. h1 was the first IMF component at ideal state. If h1 can't meet the IMF's conditions, it will be filtered repeatedly. m11 was written down as average value. It can get h11= h1-m11. If h11 can't meet the IMF's conditions, it will be filtered k times repeatedly until h1k meet the conditions. It can get h1(k-1)-m1k= h1k, at this time c1= h1k was the first IMF component. c1 was isolated from the signal x(t). r1= x(t)-c1 was the original signal. c2 can be got according to the above steps. Each IMF component can be got through repeating n times. When rn was a monotonic function and it can't extract components, cycle was end.
The original signal was made EMD decomposition. It can get all the IMF, for the sampled grating EMD de-noising reflective spectrum. The high frequency IMF components were filtered directly; the low frequency IMF components and residual function make up effective signal. The real effective signal was: 
Where rn was residual function on behalf of the signal's average trend. Figure 9 . EMD decomposition results.
